. Fortunately, early diagnosis enables therapeutic intervention with improvement in the prognosis. If associated with the use of prostaglandin inhibitors and if the causal agent is removed in the beginning of the clinical picture, total recovery of the alterations may occur, without evidence of neonate complications 6, 7 . However, constriction of the ductus arteriosus may be related to severe alterations when the diagnosis is delayed, fetal monitoring with echocardiography being of utmost importance 8 .
Methods
We reviewed the examinations and charts of the pregnant women undergoing fetal echocardiography at the Fetal Cardiology Unit (FCU) of the Instituto de Cardiologia do Rio Grande do Sul, from August 1997 to August 2001, in a population of 7000 pregnant women. To obtain the echocardiograms, we used ATL, (Advanced Technological Laboratories), model ULTRAMARK 9 Digital Plus Acuson model XP-10, and Acuson Aspen, with convex transducers 7 or 5 MHz and/or a sectorial phased array of 3.5 or 5 MHz. All examinations were performed by ICU pediatric cardiologists with experience in fetal echocardiography. Constriction of the ductus was determined by the presence of turbulent flow in the ductus arteriosus, associated with systolic velocity greater than 1.4 m/s and diastolic velocity greater than 0.3 m/s, in association with a pulsatility index smaller than 1.9 9 , which was calculated by the systolic velocity minus the diastolic velocity, divided by the mean velocity. In patients with total occlusion of the ductus arteriosus, the absence of ductal flow was analyzed.
Twenty fetuses fulfilled the diagnostic criteria and forObjective -To describe the relative incidence, presentation, and evolvement of fetuses with early ductus constriction. med the study group. The cases detected were followed up with fetal or neonatal echocardiography, and charts were reviewed. We did not include fetuses whose follow-up was not performed or those who had structural heart defects. The cases were divided into group A, with 7 fetuses in which the cause was secondary to maternal use of prostaglandin inhibitors, and group B, with 13 fetuses in which the cause was not determined and was therefore considered idiopathic. Gestational age was determined based on the last menstrual period. Maternal age and obstetric history including the number of pregnancies and labors were obtained from chart data. Hemodynamic involvement was considered mild in the presence of mild tricuspid regurgitation and/or mild pulmonary regurgitation; moderate in the presence of tricuspid or pulmonary regurgitation associated with right cavity enlargement; severe in the presence of severe tricuspid and/or pulmonary regurgitation, pulmonary functional atresia, cavity enlargement with right ventricular hypertrophy and/or contractile dysfunction, or total occlusion of the ductus arteriosus, fetal hydrops, and, alternatively, in the presence of a pulsatility index lower than 1 associated with any hemodynamic repercussions. To evaluate hemodynamic involvement between the groups, the severity score was formulated, considering 0 the absence of hemodynamic alterations, 1 the mild involvement, 2 the moderate involvement, and 3 the severe involvement. Evolvement was considered favorable when regression of the alterations occurred and in the absence of any associated complications.
Methods -Twenty fetal echocardiograms indicating ductus constriction were reviewed in a population of 7000 pregnants.

Results -
In the statistical analysis, numerical data are presented as mean ± standard deviation (SD), median and interquartile range (25th percentile [P25], 75th percentile [75]). For comparison of the variables, gestational age and maternal age, systolic velocity, diastolic velocity and pulsatility index, whose distributions were symmetric (normal) between the groups, the Student t test was used. For the analysis of the severity score variable, the Mann-Whitney U test was used, and for the evolvement variable, Fisher's exact test was used, and odds ratio and 95% confidence interval (CI 95%) were calculated. In the statistical analysis, we accepted P<0.05 as statistically significant.
Results
The group studied comprised 20 fetuses with diagnoses of premature constriction of the ductus arteriosus, and we performed 47 fetal echocardiograms. The same examiner with expertise in fetal cardiology diagnosed 85% (17) of the cases. Gestational age ranged from 27 to 38 weeks, with a mean age of 33±2.9 weeks and a median of 28 weeks. Maternal age ranged from 17 to 42 years, with a mean age of 27± 8.4 years and a median of 28 years. Concerning obstetric history, the median number of pregnancies was 2 and the median number of labors was 1. The maximum number of pregnancies reported was 7 for 6 labors.
Comparing groups A and B, we did not observe significant differences regarding gestational age and maternal age (P=0.19 and P= 0.58, respectively) (tab. I).
The study of velocity flow from the patent ductus arteriosus demonstrated systolic velocity peak, ranging from 1.66 to 2.81 m/s (mean = 2.22±0.34m/s), and diastolic velocity ranging from 0.45 to 1.5 m (mean = 0.79± 0.28m/s). Mean pulsatility index was 1.33±0.36, ranging from 0.52 to 1.83 ( fig. 1A, B) . In table II, we describe the total and comparative values of systolic and diastolic velocities and pulsatility index between the patients whose cause was related to the use of cyclooxygenase-inhibiting drugs (group A) and the patients whose cause was not determined (group B). In 2 fetuses, we verified total occlusion of the ductus arteriosus (tab. II).
Regarding cause, only 7 of the 20 cases were related to the use of cyclooxygenase-inhibiting drugs (group A), corresponding to 35% of the cases. Associated drugs include indomethacin in 3 pregnant women, aspirin in 2 women, and sodium diclofenac in 2 women. In the other 13 fetuses (group B) no maternal history existed of drugs capable of interfering with the prostaglandin route. Table III demonstrates maternal and gestational age, the number of pregnancies and labors, the indication for examination and the medications used.
In table IV, we list all the patients from the sample, and we describe the echocardiographic data, including evaluation of the ductus flow in the Doppler examination, hemodynamic repercussions (cardiac cavity involvement, valvular alterations, signs of cardiac failure), and the evolvement of the patients. Regarding hemodynamic repercussions, apart from 2 fetuses (10%), the other patients experienced tricuspid and/or pulmonary regurgitation, which varied from mild to severe, with functional pulmonary atresia in 1 fetus. Thirteen fetuses (65%) had an increase in the right atrium or right ventricle, which was important in most cases. Hypertrophy, or right ventricle contractile dysfunction, or both, occurred in 7 cases (35%). One of the fetuses had signs of decompensated heart failure with severe hydrops. In 2 fetuses, one in each group, with important hemodynamic repercussions, the septum primum was displaced to the left, with a decrease in its mobility, and in one of these fetuses we also observed pulsatile umbilical venous flow.
All the 7 cases with a history of the use of prostaglandin drug inhibitors evolved favorably after suspension of the medications. Five patients underwent control fetal echocardiographic examination, performed 4 days and 7 weeks after suspension of the medication, which demonstrated normalization of the altered findings. Two fetuses were followed-up after birth and both evolved without complications. In the 13 cases where the cause was not determined, the evolvement was the following: in 9 cases (69.2%), the echocardiogram demonstrated normalization of flows, 6 during fetal life and 3 during the neonatal period. One fetus in this group had ductus occlusion; the diagnosis was confirmed just after birth, the right cavity enlargement regressed, and the follow-up was satisfactory. In one case, where persistence of alterations in the fetal echocardiogram was observed, the evolvement was favorable after birth, no further abnormalities were detected, and the patient evolved without complications. Two patients, with worsening in the control fetal echocardiogram, had persistent pulmonary hypertension as newborns, requiring mechanical ventilation and prolonged hospitalization; afterwards, these alterations regressed and the patients evolved without apparent sequelae. One patient with clinical features of severe hydrops evolved in preterm delivery nonresponsive to inhibition of premature labor, and the newborn, extremely premature, died within the first hours of birth. In 4 patients with unfavorable results, 1 death occurred before the institution of adequate therapeutic measures. In another fetus, with worsening in contractile dysfunction in the control examination performed in the 37th week of pregnancy, interruption of pregnancy was recommended. In the other 2 fetuses, we opted for expecting conduct, monitoring with fetal echocardiography (tab. IV). Table V demonstrates the evolvement of patients in both groups, classifying it as favorable or unfavorable. Table VI presents a severity score for each of the groups.
Discussion
Doppler echocardiography evaluation is sensitive for diagnosing intrauterine constriction of the ductus arteriosus. To avoid confusion in the diagnosis because of an increase in ventricular output, only fetuses with a pulsatility index lower than 1.9 were included in the study 9 . In one of the fetuses admitted with a diagnosis of aortic coarctation, the examination was repeated in the neonate period, this diagnosis then being eliminated.
Ductal constriction usually occurs after the use of cyclooxygenase-inhibiting drugs and is reversible after discontinuation of the medication, especially when diagnosed early 10 . With the increase in gestational age, the ductus becomes more sensitive to constricting factors 8, 11 , demonstrating an increased incidence of ductus constriction after the 31st gestational week 12 , being rare before the 27th week. According to these data, we observed a mean gestational age of 33 weeks and a minimum of 27 weeks. Ductal constriction is rare, when not related to the use of prostaglandin inhibitors [13] [14] [15] . The high number of idiopathic cases raises some questions, among them the possibility that this diagnosis is already underestimated. The performance of fetal echocardiography in a referral service, conducted by an experienced examiner, may have reduced the false-negative results. We observed a high number of cases coming from the private sector, which are usually mo- Dias -diastolic; Sys -systolic; GA -gestational age; LV-left ventricle; PA -pulmonary atresia; PH-pulmonary hypertension; PI -pulsatility index; PR-pulmonary regurgitation; PT-pulmonary trunk; RA-right atrium; RV-right ventricle; SP-septum primum; TR -tricuspid regurgitation. Fisher's exact test = 0.25; odds ratio = 7.1 (IC 95% 0.33 -153.77). nitored with obstetric echocardiography, increasing the possibility of finding abnormalities. The fact that all pregnant women sent for clinical appointments were from group B (undetermined causes) reinforces the importance of fetal echocardiography.
A study evaluating the presence of antiinflammatory medication in the meconium 16 demonstrated a positive association with pulmonary hypertension in newborns. There was a weak agreement with maternal history, probably because of free access to combined medications 16 . It is questionable whether a substance with antiinflammatory action used as tea or natural medication may be deleterious. For this investigation, a directed questionnaire may be required to meet the Bradford-Hill casualty criteria. The association with drugs that enhance the sensitivity of the ductus arteriosus, such as retinoic acid 17, 18 , should be investigated. We reported the use of other medications in both groups, however, with unknown effects on prostaglandin inhibition. We did not observe the association of corticoid with indomethacin, that are synergic factors 20 . Regarding echocardiographic data, diastolic velocity was significantly greater in the group with undetermined causes (group B). As 65% of the patients (13/20) had right ventricular dilation or contractile dysfunction, or both, the evaluation of systolic velocity may be hindered, just as the pulsatility index is, because its assessment requires systolic velocity. Diastolic velocity may be a more reliable index, suggesting that the group related to the use of drugs is more affected, thus having a more favorable prognosis. Most patients (90%) had functional involvement, 75% (15/ 20) were moderate to severe. We did not observe differences in the severity between groups, and one case occurred in each group of total occlusion of the ductus arteriosus and decrease in the mobility of the septum primum .
According to data from the literature, sodium diclofenac and indomethacin are more powerful inhibitors of cyclooxygenase than aspirin is 21 . In this study, all cases related to the use of prostaglandin inhibitors (group A) evolved favorably. It is expected that cardiac function normalizes within 24 hours, or a few days after medication is suspended 10 . We observed normalization in control examinations 4 days to 7 weeks after drug suspension.
In the 13 cases where the use of prostaglandin inhibitors was not identified (group B), 9 fetuses (69.3%) improved in clinical condition, 4 fetuses (30.7%) showed worsening on the fetal echocardiogram, 2 fetuses had persistence of fetal circulation after birth, and 1 fetus died. Responsible factors for unfavorable evolvement may be related to intrinsic alterations in the ductus arteriosus, interfering with the prostaglandin or nitric oxide route, or even enhancing sensitivity to extrinsic constrictor factors [22] [23] [24] . Another possibility is the potential delay in diagnosis and the impossibility of withdrawing the causal agent. With the available data, we may estimate a -7.1-times greater relative risk for an unfavorable evolvement in patients with undetermined causes (group B), although it has not reached statistical significance (CI 95% >0.33 -153.77).
After ductal mechanical occlusion 25 or secondary to antiinflammatory medication 26, 27 , the increase in muscular pulmonary artery and pulmonary hypertension was demonstrated 3, 12, 28, 29 . The patients from this study that evolved with persistence of fetal circulation after birth needed prolonged neonatal intensive care unit hospitalization but had a good response to treatment and satisfactory evolvement. A prior intrauterine diagnosis may have contributed favorably. It is estimated that pulmonary hypertension in newborns is idiopathic in 23% of cases 30 . It may be suggested that these cases are related to undocumented ductal constriction in fetal life, because of the number of idiopathic cases observed in this study, 15% of which (2/13) had pulmonary hypertension. None of these cases was related to maternal diabetes, a condition that may be associated 30 . Echocardiography is indicated in nonimmune fetal hydrops, aiming at discarding ductus arteriosus constriction 3, 31, 32 . The fetus with cavity enlargement and severe hydrops evolved with premature labor and died. In this case, we cannot infer the duration of ductal occlusion because of the precocious death.
In previous studies 33, 34 , we observed that the use of nonhormonal antiinflammatory medications during pregnancy was related to the increase in ductus arteriosus patency in newborns. None of our patients had this complication; however, examining this was not the purpose of this study.
Currently, measures aiming at relaxation of the ductus arteriosus, in fetal life, are not available. Prostaglandin use in human fetuses for this purpose was not described. Experimental studies 35 demonstrate positive effects with the use of endothelin antagonists, decreasing the consequences of ductal constriction. The possible role of nitric oxide in dilating the fetal ductus arteriosus has already been suggested 23 .
Further studies are necessary aimed at specific treatment of premature constriction of the ductus arteriosus.
In the group of 20 fetuses with ductus arteriosus constriction, we observed a relatively high number of cases without a determined cause. Comparison of clinical and echo-
